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In the present study, the antioxidant, antimicrobial potential and antiproliferative activity of Lactifluus rugatus 
mushroom were determined. Thus, extracts of the mushroom were obtained using a Soxhlet device. Antioxidant and oxidant 
potentials were determined using Rel Assay kits. Antimicrobial potential was tested on 9 microorganisms using the modified 
agar dilution method. MTT test was conducted on A549 cells to determine the anti-proliferative activity. As a result, high 
level of antioxidant activity was determined in L. rugatus. Furthermore, it was determined that the mushroom had 
antimicrobial properties on tested bacteria and fungi and strong anti-proliferative activity on A549 cells. In conclusion, it 
was considered that L. rugatus had pharmacological potential and it can be utilized as a natural pharmacological agent. 
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In recent years, there has been an increase in the number 
of mushrooms produced and consumed as a result of 
technological advances
1
. In addition to their different 
aromas, mushrooms are rich in nutrients due to their 
high protein content and are considered to be nutritious 
due to their low-calorie content. Mushrooms that contain 
higher levels of protein when compared to several 
protein source legumes such as soybean and peanut and 
the protein levels of mushrooms vary between 20-40%. 
Furthermore, mushrooms also contain essential amino 
acids that are very important in human nutrition and they 
are particularly rich in lysine and leucine, which are not 
present in most cereal products. In addition to these 
properties, edible mushrooms are rich in vitamins, 
minerals and protein
2-5
. In addition to their importance  
in the human diet, mushrooms are also significant  
due to their pharmacological properties. Several  
studies were conducted on mushrooms to discover 
pharmacological natural agents. In previous studies, it 
was determined that mushrooms possessed several 
biological activities such as antibacterial, antiallergic, 
antifungal, antiatherogenic, antiviral, anti-inflammatory, 
antioxidant, antiproliferative, antitumor, DNA 
protective, hypoglycemic, hypocholesterolemic and 
immune system regulatory properties
6-10
. 
Oxidant compounds are produced by living 
organisms as a result of environmental effects and 
cellular metabolism. Antioxidants reduce the negative 
effects of oxidants produced as a result of metabolic 
processes in living organisms. Oxidative stress occurs 
when antioxidants are insufficient against oxidants.  
High levels of oxidative stress cause many diseases in 
humans. These diseases include cancer, cardiological 
disorders, depression, Parkinson's and Alzheimer's
11,12
. 
Supplementary antioxidants play an important role in the 
prevention and mitigation of these diseases. Mushrooms 
are known to be natural supplementary antioxidant 
sources. It is very important to determine the potentials 
of edible mushrooms in order to identify new natural 
antioxidant sources. 
In this study, Lactifluus rugatus (Kühner & Romagn.) 
Verbeken was used as material. The antioxidant and 
antimicrobial potentials of L. rugatus, an edible fungus, 
were determined. Also, antiproliferative activities 
against A549 cells have been determined. 
 
Materials and methods 
L. rugatus mushrooms were collected in several 
forests in Izmir province (Turkey). It's spread mainly 
on calcareous soils, solitary or in groups on the 
ground under broad leaf trees Micromorphological 
character was observed by light microscopy using 
Melzer’s reagent, congo red and distillate water. The 
—————— 
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identification of the taxa was conducted with the 
method described by the literature describing 
macrofungi
13-16
. The mushroom samples (30 g) were 
extracted with a Soxhlet extractor for approximately  
6 hours at 50°C with methanol (MeOH) (200 mL) and 
dichloromethane (DCM) (200 mL) (Gerhardt EV 14).  
 
Antimicrobial activity tests  
MeOH and DCM extracts were used to determine 
the antibacterial and antifungal activities of the  
L. rugatus samples. minimal inhibitory concentrations 
(MIC) values were determined for each extract to 
prevent growth of fungi and bacterial strains by  
agar dilution test. Candida albicans ATCC 10231,  
C. glabrata ATCC 90030 and C. krusei ATCC 34135, 
ATCC 13803 were used to determine antifungal 
activity. RPMI 1640 Broth medium were used to  
pre-cultured the fungal strains. Gram-positive and 
gram-negative bacteria were used as test bacteria. 
Staphylococcus aureus ATCC 29213, S. aureus 
MRSA ATCC 43300 and Enterococcus faecalis 
ATCC 29212 were used as gram-positive bacteria. 
Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 27003 and Acinetobacter 
baumannii ATCC 196060 were used as gram-
negative bacteria. Muller Hinton Broth medium were 
used to pre-cultured the bacterial strains. To obtain a 
standard inoculum, the bacteria and fungi turbidity 
was prepared according to McFarland 0.5 scale. 
MeOH and DCM crude extracts of the fungus were 
adjusted at 800, 400, 200, 100, 50, 25, 12.5 µg/mL 
extract. Concentrations were conducted with distilled 
water. Fluconazole and amphotericin B for fungi and 
Amikacin, Ampicillin and Ciprofloxacin for bacteria 
were used as reference drugs
17-22
. 
 
TAS, TOS and OSI tests  
Total antioxidant status (TAS) were determined 
using Rel Assay TAS kits. Total oxidant status (TOS) 
values were determined using Rel Assay TAS and 
TOS kits. Hydrogen peroxide (H2O2) was used to 
calibrate the TOS tests. Trolox was used to calibrate 
the TAS tests
23,24
. The units of TAS and TOS values 
for the OSI (Arbitrary Unit=AU) value are equalized 
and determined according to the following formula
24
.  
TOS (µmol H2O2 equiv./L) 
OSI (AU) = 
TAS (mmol Trolox equiv./L X 10) 
 
Anti-proliferative activity tests 
The MTT assay (3- [4,5-dimethylthiazol-2-yl] -2,5-
diphenyl-tetrazolium bromide) was conducted to 
determine the cellular viability of MeOH and DCM 
mushroom extracts on A549 cells. Cells were eluted 
using 3.0 mL Trypsin-EDTA solution (Sigma-
Aldrich, MO, USA) after 70-80% coalescence. After 
the elution process, the abstracts were planted on 
plates. Then, they were incubated for 24 h. After 
incubation, the extracts were diluted to various 
concentrations (25, 50, 100, 200 ug/mL) and the cells 
were incubated for 24 h. The controls were applied in 
growth medium not supplemented with FCS. After  
48 h of incubation, the supernatants were dissolved in 
growth medium and replaced with 1 mg/mL MTT 
(Sigma) and incubated at 37°C until a purple 
precipitate was formed. The supernatants were then 
removed and dissolved by the addition of dimethyl 
sulfoxide (DMSO) (Sigma-Aldrich, MO, USA) to 
MTT that was absorbed by the cells. The plates were 
then read at 570 nm with an Epoch spectrophotometer 
(BioTek Instruments, Winooska, VT)
25
.  
 
Results and discussion 
 
Antimicrobial activity tests 
In recent years, resistance of microorganisms to 
antibiotics has been increasing and becoming an 
important problem. Different synthetic and natural 
antimicrobial agents are developed against pathogenic 
microorganisms. But today microbial resistance is  
still an important problem. The increase in 
chemotherapeutics and antibiotic resistance exhibited 
by pathogenic microorganisms led to the screening  
of new sources with potential antibacterial and 
antifungal activities
26
. Research on the antimicrobial 
activity of mushrooms with different pharmacological 
potential is important for the identification of new 
sources. As a result of the studies, MeOH and DCM 
extracts of L. rugatus mushroom were used and their 
effects against test microorganisms were determined. 
The results obtained are shown in Table 1. 
The study findings demonstrated that L. rugatus 
MeOH and DCM extracts exhibited activities that 
ranged between 50 and 400 µg/mL. Furthermore, 
MeOH extracts exhibited a higher activity level when 
compared to DCM extracts. There are no previous 
studies in the literature that determined the 
antimicrobial activity of L. rugatus. Several studies 
conducted with various mushroom species reported 
antimicrobial activities on different bacteria and 
fungi
27-32
. In the present study, it was determined 
MeOH and DCM extracts of L. rugatus mushroom 
had antimicrobial effects on test microorganisms 
(Bacteria: S. aureus, S. aureus MRSA, E. faecalis,  
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E. coli, P. aeruginosa, A. baumannii and Fungi:  
C. albicans, C. glabrata and C. krusei) in different 
concentrations. 
 
TAS, TOS and OSI  
Antioxidant compounds have the ability to 
counteract the effects of highly reactive, harmful free 
radicals, which are normally caused by the basic 
oxidation reactions in food. Natural antioxidant 
compounds are found in many foods
33
. In the present 
study, TAS, TOS and OSI values of L. rugatus 
mushroom were determined for the first time. The 
values obtained in oxidative stress studies were 
presented in Table 2. 
There are no studies to determine the antioxidant, 
oxidant and oxidative stress values of L. rugatus. On 
the other hand, in oxidative stress studies conducted 
on various mushrooms, it was found that TAS value 
of Cyclocybe cylindracea (DC.) Vizzini & Angelini 
was 4.325 mmol/L, TOS value was 21.109 µmol/L 
and OSI value was 0.488
34
. It was also determined 
that TAS value of Gyrodon lividus (Bull.) Sacc. was 
2.077 mmol/L, TOS value was 13.465 µmol/L and 
OSI value was 0.651
35
. It was also determined that 
Lepista nuda (Bull.) Cooke had a TAS of 3.102 
mmol/L, a TOS of 36.920 and an OSI of 1.190
36
. The 
TAS values of Auricularia auricula (L.) Underw. and 
Trametes versicolor (L.) Lloyd mushrooms were 
1.010 and 0.820 mmol/L, respectively and TOS 
values for the same mushrooms were 23.910 and 
17.760 µmol/L, OSI values were 2.367 and 2.166, 
respectively
37
. Compared to these studies, it was 
determined that L. rugatus had a higher TAS value 
when compared to G. lividus, L. nuda, A. auricula and 
T. versicolor mushrooms and a lower TAS value 
when compared to the C. cylindracea, mushroom. It is 
suggested that these differences among the mushroom 
species were due to the differences in their antioxidant 
compound production capacities. In particular, the 
response of mushrooms to environmental and structural 
factors and the consequent differences between the 
synthesis and release capacity of secondary metabolites 
by the defense mechanism, along with the difference in 
the count and variety of these secondary metabolites, the 
differences in antioxidant vitamin levels and the changes 
in the antioxidant enzymatic/non-enzymatic molecule 
levels could account for these results. 
TOS and OSI values of L. rugatus were lower 
when compared to those of C. cylindracea,  
T. versicolor, L. nuda, G. lividus and A. auricula 
mushrooms. The main reason for this difference 
between the mushroom TOS values was considered to 
be due to the differences in the regions where 
mushrooms were collected and the differences 
between oxidant compound production and 
accumulation capacities due to the metabolic 
processes based on the differences between 
mushroom species. It was recommended that the 
consumption of mushrooms with high TOS values  
or any natural product collected these regions  
should be consumed with care. Furthermore, it  
was found that OSI value of L. rugatus was low  
due to the total antioxidant system of the mushroom 
was more potent and active. The oxidative stress 
induced by the oxidant molecules was removed and 
prevented by TAS, which includes the overall 
enzymatic and non-enzymatic systems, resulting in 
lower OSI levels. 
Table 1 — Antibacterial and Antifungal Activity of L. rugatus extracts 
 
A B C D E F G H I 
DCM 200 200 400 400 200 200 100 100 100 
MeOH 100 100 100 200 50 50 100 100 100 
Ampicillin 1.56 3.12 1.56 3.12 3.12 - - - - 
Amikacin - - - 1.56 3.12 3.12 - - - 
Ciprofloksasin 1.56 3.12 1.56 1.56 3.12 3.12 - - - 
Flukanazol - - - - - - 3.12 3.12 - 
Amfoterisin B - - - - - - 3.12 3.12 3.12 
The MIC values are presented in units of µg/mL 
A: S. aureus, B: S. aureus MRSA, C: E. faecalis, D: E. coli, E: P. aeruginosa, F: A. baumannii, G: C. albicans, H: C. glabrata, I: C. krusei 
 
Table 2 — TAS, TOS and OSI values of L. rugatus 
 
TAS (mmol/L) (TOS µmol/L) OSI (TOS/(TAS×10) 
L. rugatus 3.237±0.165 8.178±0.066 0.254±0.013 
Values are presented as mean±SD; number of mushroom samples n=6, experiments were made in 5 parallels 
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Antiproliferative activity 
Although there are 160 cancer drugs known by 
2015, this number is increasing. However, cancer is 
the second cause of death worldwide today. 
Therefore, the continuous development of new 
antineoplastic agents remains the primary public 
health demand despite the availability of many 
anticancer drugs
38
. In the present study, 25, 50, 100 
and 200 µg/mL standard L. rugatus MeOH and DCM 
extract solutions were prepared and cell viability was 
tested with lung cancer cell line A549. The findings 
were presented in Fig. 1. 
The above figure demonstrates that L. rugatus 
MeOH extract exhibited higher antiproliferative 
activity when compared to DCM extracts. It was 
determined that proliferation increased due to the 
increase in concentration in both extracts. The highest 
activity was observed with the 200 µg/mL concentration. 
The anti-proliferative activity of L. rugatus was not 
determined in any previous study. However, in studies 
conducted on different mushroom species, it was 
reported that EtOH extracts of Trametes gibbosa 
(Pers.) Fr., Fomes fomentarius (L.) Fr., Daedalea 
quercina (L.) Pers. and Trichaptum biforme (Fr.) 
Ryvarden mushrooms had antiproliferative activities 
on the A549 cell line
25
. It was reported that Boletus 
speciosus Frost had antiproliferative activities  
on lymphocytic leukemia cells (L1210)
39
. It was 
described that EtOH extracts of Auricularia auricula-
judae (Bull.) Quél., Pleurotus abalonus Y.H. Han, 
K.M. Chen & S. Cheng and P. sajor-caju (Fr.) Singer 
mushrooms had antiproliferative effects on U937 
cells
40
. It was also reported that Lignosus rhinocerus 
(Cooke) Ryvarden mushroom cold water extracts  
had antiproliferative activities on MCF-7 and A549 
cells
41
. In the present study, MeOH and DCM extracts 
of L. rugatus were tested and it was determined  
that the mushroom had antiproliferative activity on 
A549 cells. 
 
Conclusions 
Mushrooms are important natural materials in terms 
of biological activity. In our study, the biological activity 
of edible L. rugatus mushroom was determined for the 
first time. In this context, antioxidant and oxidant 
capacity of mushroom were determined. In addition, 
anti-proliferative activity on A549 cell line was 
determined. The study findings demonstrated that the 
fungus exhibited high antioxidant activity levels. It  
was determined that the mushroom extracts had 
antimicrobial activity on the tested bacteria and fungi. 
Furthermore, it was determined that L. rugatus extracts 
exhibited strong anti-proliferative activity on A549  
cells. In conclusion, it is suggested that L. rugatus 
demonstrated pharmacological potential and could be 
utilized as a natural pharmacological agent. 
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